RESUMO: "Infl uência da estação, do horário de colheita e da secagem no óleo essencial de citronela de java (Cymbopogon winterianus Jowitt)". Citronela de Java (Cymbopogon winterianus Jowitt) pertence à família Poaceae. Óleo volátil de citronela de Java apresenta atividade repelente, antimicrobiana e acaricida. Sabe-se que fatores agronômicos têm grande efeito sobre a qualidade e quantidade de metabólitos essenciais. Por isso é importante a determinação dos níveis ótimos dos fatores agronômicos que afetem o crescimento e a produção. Horário de colheita e secagem são fatores agronômicos muito importantes. O presente estudo foi conduzido na Fazenda Experimental do Departamento de Engenharia Agronômica da Universidade Federal de Sergipe, no período de 2002-2003, usando o delineamento de blocos casualizados e um experimento em esquema fatorial com três repetições. O capim citronela foi cultivado usando espaçamento de 60 cm entre linhas e 60 cm entre plantas. Realizaram-se colheitas de manhã, meio dia e à tarde, às 9:00 h, 12:00 h e 15:00 h, nas quatro estações do ano. Usaram-se folhas frescas e secas no experimento. Para estudar os efeitos do horário de colheita e secagem avaliaram-se as seguintes características: rendimento de biomassa seca e fresca (kg/ha), umidade (%), teor (%) e rendimento (L/ha) de óleo essencial, e a composição química do óleo essencial. Mudanças sazonais apresentaram efeito signifi cativo sobre o rendimento de biomassa fresca e seca, e teor e rendimento de óleo. Rendimentos máximos de óleo essencial foram observados às 9:00 h durante o verão, inverno e primavera. O teor de óleo essencial foi infl uenciado pela estação doa ano e secagem, mas não foi infl uenciado pelo horário de colheita.
INTRODUCTION
The Cymbopogon genus is composed of more than 100 species found in tropical countries (Lorenzi; Matos et al., 2003) . About 56 species are aromatic and some of them of medicinal, pharmacological and industrial importance (Morais et al., 2005; Tôrres et al., 2005; Vendruscolo et al., 2005; Barbosa-Filho et al., 2005; Singi et al., 2005; Pansera et al., 2003) . Two species of Cymbopogon are known according to their region. C. nardus (Jamarosa) and C. winterianus (Java citronella) have similar volatile oil scent and medicinal uses, but show different citronellal content. Java citronella is rich in geraniol (36.0%) and citronellal (42.7%) and shows repellent, antimycotic, and acaricide activities. It is reported to be an air freshener (Guenther, 1992; Matos, 2000) .
The biosynthesis of secondary metabolites, although controlled genetically, is strongly affected by environmental, harvest and post-harvest factors. Agricultural factors have a critical effect on quantitative and qualitative characteristics of Java citronella, that affect plant growth and yield. Precipitation, temperature, light, and humidity infl uence volatile oil yield and main constituents content (citronellol, citronellal, and geraniol) (Sarma, 2002) . Sarma et al. (2001) cultivated Java citronella between 1998 and 2000 in India northeast. They found a large variation on volatile oil yield and content depending on seasonal changes and harvesting time. Highest yields and citronellal content were obtained during September and October. Under drought, the geraniol and citronellal contents were reduced, whereas citronellol increased (Fatima et al., 2002) .
Java citronella cultivated at an altitude of 60 m showed elevated biomass production (24.5 t/ha) and volatile oil content (1.3%). An increase in citronellal content and a decrease in citronellol and geraniol were observed at this altitude (Sarma et al., 2001) . However, no studies had been conducted on the effects of harvest time and drying during the four seasons in the northeast region of Brazil. As a part of our ongoing work on the evaluation of agricultural factors infl uencing the quality and quantity of volatile oil constituents Carvalho-Filho et al., 2006) , we report on the results obtained for C. winterianus to study the infl uences of harvest time and drying throughout different seasons. We transplanted the tillers into the experimental fi eld on 12 May 2002, using a 60 x 60 cm space. The experiment design was a factorial with three replications.
MATERIAL AND METHODS

This
Early (9:00 h), midday (12:00 h), and late (15:00 h) harvest were performed in four different seasons (summer, 12 Dec. 2002; fall, 02 Apr. 2003; winter, 21 Aug. 2003, and spring, 12 Nov. 2003) . We used fresh and dry leaves for volatile oil distillation. In order to study the effects of harvest time and drying, yields of dry and fresh herbage (kg/ha), moisture content (%), volatile oil content (%) and yield (L/ha), and chemical composition of the volatile oil were measured.
The experimental unit consisted of two plants. Plants were cut 20 cm above soil level. The volatile oils of leaves were extracted by hydrodistillation for 3 h (Carvalho-Filho et al., 2006) , using a Clevenger-type apparatus on a 3 liter fl ask (British Pharmacopoeia, 1988) . The volatile oils were separated from the aqueous phase and kept in the freezer (-20 °C) until further use. Volatile oil contents were estimated based on dry herbage weight using three 200 g samples of fresh herbage or 75 g of dry herbage (American Spice Trade Association, 1985) . Dried leaves were obtained by drying at 40 °C in a forced air oven (Marconi) for 5 days.
Qualitative and quantitative analyses of volatile oils were performed with a Shimadzu QP5050A GC/MS equipped with a DB-5MS fused silica column (30 m x 0.25 mm; fi lm thickness 0.25 M), under the following conditions: helium as carrier gas at 1.0 mL/min; injector split at 250 °C (split ratio 1/20); detector at 280 °C, column temperature program 80 °C during 1.5 min, with 4 °C increases per minute to 180 °C, then 10 °C/min to 300 °C, ending with a 10 min isothermal at 300 °C. The mass spectra were taken at 70 eV with scanning speed of 0.85 scan/s from 40 to 550 Da. Constituents identifi cation was assigned on basis of comparison of their retention indices relative n-alkane homologous series obtained by coinjecting the volatile oil sample with a linear hydrocarbon mixture as well as by computerized matching of the acquired mass spectra with those stored in NIST21 and NIST107 mass spectral library of the GC/MS data system and other published mass spectra (Adams, 1995) .
Analysis of variance of the results was conducted using the SISVAR program, and means in the results were compared using the Tukey's test (P < 0.05).
RESULTS AND DISCUSSION
The Tukey test comparing treatments are shown in Tables 1 and 2 . Highest fresh biomass resulted from summer (9,326 kg/ha), fall (8,174 kg/ha), and spring (8,352 kg/ha) (Table 1 ) and the lowest one resulted from winter (3,788 kg/ha). Season had signifi cant effects on dry herbage biomass. Higher dry biomass production was achieved from fall and summer (5,363 kg/ha and 4,897 kg/ha, respectively). The lower dry biomass production resulted from winter and spring (1,625 kg/ha and 3,189 kg/ ha, respectively), however proportionally higher moisture was observed (61.82% and 57.11%, respectively; Table  1 ). This is due to higher pluviometric readings during both seasons, contributing to higher biomass moisture, in addition to the plant stage immediately after blooming during harvest, when leaves were very young. However, Innecco et al. (2003) did not observe this result, studying Mentha x vilosa Huds, probably because irrigation was performed during dry seasons. Higher fresh and dry biomasses also were observed during dry seasons with irrigation.
Another important factor infl uencing Java citronella volatile oil production is harvesting time. Most volatile oils were produced at 9:00 h (2.71, 2.36, and 4.24% for summer, winter, and spring seasons, respectively), because volatile oil content was generally found to peak at that time, except during fall, when there were no signifi cant differences between harvest times.
The content (%) of volatile oil in dried herbage was not signifi cantly infl uenced by harvesting time. However, higher contents of volatile oil were obtained during spring (4.24%, fresh biomass and 3.40%, dry biomass) and fall (3.17%, dry biomass).
Harvest at 12:00 h resulted in quite similar volatile oil content throughout all seasons. In general 15:00 h harvest signifi cantly reduced volatile oil content, showing the lowest value during winter season (2.33% dry biomass), characterized by higher precipitation volumes (Table 2) .
Similar results have been reported (Nascimento et al., 2003; Nagao et al., 2004) . In accordance with studies on Cymbopogon citratus (DC) Stapf conducted by Nascimento et al. (2003) , harvest performed at 9:00 and 11:00 h, providing higher volatile oil content (5.59 and 5.31 %, respectively). The chemotype citral/limonene of Lippia alba (Mill) N.E.Br. produces lower volatile oil content during the rainy season, which accounts for a potential metabolic decrease caused by reduction on solar radiation (Nagao et al., 2004) .
In general winter harvest signifi cantly reduced yield (109.1 L/ha, average) independently of harvest time (Table 2) . Increased pluvial readings and the beginning of plants vegetative period may have accounted for these results.
Drying signifi cantly increased volatile oil Table 1 . Effects of season on Java citronella (Cymbopogon winterianus Jowitt) fresh and dry biomass and moisture.* * Means in each column followed by the same letter are not signifi cantly different (P < 0.05). (Tables 3 and 4) .
The GC/MS results showed that geraniol is an important volatile constituent in the volatile oil of Cymbopogon winterianus, as well as citronellal. The content of these two compounds in fresh biomass varied with the season. However, no signifi cant variation was observed for dry biomass. In the rainy period (winter), the citronellal in fresh biomass reached the lowest values at 9:00 h and 12:00 h, while geraniol content increased.
However, in the dry period (summer) the content of citronellal increased to 30.54% at 15:00, while the content of geraniol decreased to its lowest value (21.78%). Diverging results were observed by Rocha et al. (2002) , maximum production of citronellal was found between 9:00 and 11:00 h.
The least value of limonene (1.17%) was observed in fresh leaves, during fall at 12:00. However, the highest limonene yield and content was achieved in plants harvested during winter.
The content of citronellol in fresh biomass signifi cantly decreased at 15:00 h during winter. The content of citronellol in dry biomass had no signifi cant variation (Tables 3 and 4) . Drying provided an increase in citronellol during summer at 12:00 h, while in the rainy period a reduction was observed at 9:00 and 12:00 h. In general, no signifi cant differences in the content of neral were found in fresh and dry biomass throughout the harvest time and seasons, except for winter at 9:00, where neral was absent. Higher content of neral was obtained by drying biomass harvested at 9:00 h during winter (Tables 3 and 4) . Similarly, the content of neral increased after drying Melissa offi cinalis L. for fi ve days at 40 °C .
Amounts of geranial in fresh and dry biomass were relatively low and not signifi cantly different, except dry herbage harvested at 12:00 during fall (Tables 3 and  4) .
Peak farnesol content was achieved only on fresh herbage during winter at 9:00 h, which decreased after drying. After drying, herbage harvested at 9:00 and 12:00 during summer showed highest farnesol content (5.69% and 6.13%, respectively; Tables 3 and 4) . According to Sarma (2002) , Java citronella showed better results in high precipitation (100-200 mm), temperatures between 20 °C and 30 °C, and high moisture. In India, citronellal is in higher concentration during September and October, period with favorable conditions locally. Such conditions were found during our experiments, favoring the achieved results.
Season affected chemical composition signifi cantly. Time of harvest had little infl uence on composition. Drying reduced limonene, citronellol, geraniol, and farnesol and increased citronellal and neral contents. Similar results were obtained for Melissa offi cinalis. Drying reduced nerol and geraniol contents to trace amounts . Table 3 . Composition of volatile oil from fresh leaves of Java citronella (C. winterianus). Relative percentages as a function of seasons and harvest times.
* Means in each column followed by the same letter are not signifi cantly different (P < 0.05).
Compounds
Summer Fall Winter Spring 9:00 h 12:00 h 15:00 h 9:00 h 12:00 h 15:00 h 9:00 h 12:00 h 15:00 h 9:00 h 12:00 h 15:00 h
Relative percentage of chemical constituents 6-metil-2-hepten-2-one 0.04 
* Means followed by the same minuscule letter in each column and by the same capital letter in each line are not signifi cantly different (P < 0.05).
